ABSTRACT Autographa nigrisigna (Lepidoptera: Noctuidae) is the target species of the mating disruptant for vegetables, Confuser V. However, emergence of A. nigrisigna does not decrease in the Confuser V treated vegetable Þelds. As one of the reasons for this phenomenon, migration of mated females into the Confuser V treated area were considered. Thus, we studied the ßight ability of female A. nigrisigna by using computer-interfaced actograph and ßight mill devices. Flight measurements for mated and unmated individuals 4-to 6-d-old were recorded for 24 h. The results of the actograph assay revealed that mated females moved more actively than unmated females, possibly because of their oviposition behavior. Both the ßight duration and ßight range, which were measured by the ßight mill device, decreased continuously with age and did not show a signiÞcant difference between mated and unmated females through the ages from 4 to 6 d. This result indicates that mating status did not directly affect the ßight duration or range. From our experiments, it was suggested that females maintain physical energy after mating at the same level as before mating and then mated females locomote more actively around the host plants for oviposition. These speculations are discussed in relation to the control of A. nigrisigna by mating disruption.
Since the 1970s, successful mating disruption experiments on fruit tree and tea pests in Japan have been reported (Oyama et al. 1978 , Ohtaishi 1986 , Furuno 1986 , Sato 1986 ). Subsequently, a mating disruptant applicable to several types of vegetable crops was registered in 2004 under the name Confuser V (ShinEtsu Chemical Co., Ltd., Tokyo, Japan). The product contains nine pheromone components for six vegetable pest species. Autographa nigrisigna (Walker) is designated as one of the target species.
A. nigrisigna is distributed in northeastern Russia, China, Japan, and some parts of the South Asian region (Kobayashi 2011) . It is a generalist species, feeding on a diverse array of plants. It is a serious pest of cruciferous vegetables, but also attacks other plants including lettuce, soybean, spinach, and cucumber (Sugi 1982 (Sugi , 1994 . Although mating disruption has been widely used in lettuce Þelds in Japan, infestation by A. nigrisigna larvae has been observed by agricultural researchers and growers. Indeed, we detected a high number of A. nigrisigna larvae in pheromone-treated lettuce Þelds (Hashiyama et al. 2011 (Hashiyama et al. , 2012 . This Þnd-ing indicated that the Confuser V system does not work well against A. nigrisigna. We suggest that one of the reasons for the lower effectiveness of the mating disruption technique is that mated females ßy into the treated area and lay fertile eggs on the crops. Kerns (2000) showed the presence of eggs and larvae of Spodoptera exigua (Hü bner) in mating disruption areas and suggested that most mating activity takes place outside the pheromone-treated areas, after which the mated female moths move into the Þeld for oviposition on cultivated vegetables. Cardé and Minks (1995) also reported that one potential weakness of mating disruption involves the migration of mated females into the pheromone-treated area. Thus, mating disruption works best as an area-wide management tool if the target species hold high potential for ßight (Ogawa 1990 , Staten et al. 1997 ). In the case of Spodoptera litura (F.), 2-d-old mated female moths are able to ßy 36 km in one night and unmated females have equal ßight potential (Tu et al. 2010) . However, no information is available on the ßight activity of A. nigrisigna. Therefore, the objectives of this study were to accurately determine the ßight ability of female A. nigrisigna as one of the criteria for determining possible migration into pheromonetreated areas.
Materials and Methods

Insects.
A. nigrisigna larvae were collected from a cabbage Þeld in Matsudo City, Chiba Prefecture, Ja-pan in May 2011. Collected larvae were individually placed in petri dishes (diameter 9 cm ϫ height 1.5 cm) and reared on an artiÞcial diet by Kawasaki et al. (1987) . After emergence, Þve pairs of wild male and female adults were mated in plastic cages (height 16 cm ϫ width 22 cm ϫ length 12 cm). A plastic cup (diameter 7 cm ϫ height 3.5 cm) Þlled with 3% honey solution was set in the center of each cage. Thirty hatched larvae from eggs laid on the honey solution cups were reared on an artiÞcial diet in plastic containers (height 14 cm ϫ width 21 cm ϫ length 7 cm). Pupae were separated by gender and placed in plastic cages with 3% honey solution until emergence. In this study, female adults of the second to Þfth generations were used. Regarding the use of laboratory-reared individuals, we referred to Sarvary et al. (2008) . They compared the ßight performance of Þeld-collected and laboratory-reared Cactus moth Cactoblastis cactorum (Berg) and reported that laboratory-reared moths did not differ signiÞcantly from Þled-collected moths in any ßight parameters. All procedures were conducted under a photoperiod of 12:12 (L:D) h at 25 Ϯ 1ЊC. Mated and unmated females 4-to 6-d-old were used for the actograph and ßight mill assays described below. On this point, we referred to Kitamura and Koyama (1984) who reported that the mating behavior of Ctenoplusia agnata (Staudinger), of the same subfamily Plusiinae, was observed most frequently at 5 d after emergence. We conducted similar experiments preliminarily using A. nigrisigna individuals 2-to 7-d-old and the same tendency to mate was found (A.H. et al., unpublished data) . Thus, we chose to use individuals 4-to 6-d-old to best represent the activity of this insect.
Actograph Device. To measure the activity of the female A. nigrisigna, we applied the infrared type actograph system, which is basically the same as that used by Ferguson et al. (1994) and Yoon et al. (2012) . Experiments were conducted using 10 actograph containers located inside a room under a photoperiod of 12:12 (L:D) h at 23 Ϯ 1ЊC. The container (diameter 14 cm ϫ height 20 cm) was made out of clear plastic board. Two pairs of transmission type photoelectric switches (FU-12, Keyence Corporation, Osaka, Japan) were attached to the container diagonally at a height of 20 cm, the top of the container. One pair of switches consisted of the infrared sending part and receiving part, and was set for counting when a moth cut across in front of the sensor. The sensor was connected to a data logger (KV-700, Keyence Corporation) linked to a computer. Any movement that intercepted the infrared beam triggered a signal, which was recorded by the computer. Flying as well as walking and ßuttering through the red rays were counted as interruptions. A plastic cup (diameter 7 cm ϫ height 3.5 cm) Þlled with 3% honey solution was placed in the container.
Actograph Assay. Effects of mating status on activity were examined using mated and unmated females 4-to 6-d-old. The activity was evaluated based on the mean number of interruptions of red rays from the two pairs of photoelectric switches. To obtain mated and unmated females 4-to 6-d-old, newly emerged moths were divided into two groups. In one group, three virgin females and males were reared together in the plastic cage to obtain mated females. In the other group, six virgin females were reared with no males in the cage to obtain unmated females. After 3Ð5 nights, females 4-, 5-, and 6-d-old in each group were placed in the respective actograph container and their activity was measured for 24 h. After measurement, females in the mated group were dissected and their mating status was judged by the presence or absence of spermatophore(s) in the bursa copulatorix. In addition, the eggs laid inside the actograph container were counted. Twenty-four mated and unmated females of each age were used for the actograph assay.
Flight Mill Device. To measure the mobility of female A. nigrisigna, we referred to the ßight mill system of Moriya (1995) and modiÞed it to Þt lepidopteran insects. Experiments were conducted using four infrared ßight mills. A balsa wood stick (height, width 0.3 cm ϫ length 20 cm) was used as the ßight mill rotor with a 4-cm pin (No. 0; Shiga Konchu Fukyusha Co., Ltd., Tokyo, Japan) as the axle. The insect was attached to the end of the rotor with a small amount of quick-drying adhesive (G17; Konishi Co., Ltd., Osaka, Japan) fastening its pronotum to a balsa wood glue block (height, width 0.3 cm ϫ length 3 cm) The glue block was attached to the end of the rotor using a pin. Before fastening, the crest of the pronotum was removed. To counterbalance the weight, a ball of clay was attached to the other end of the stick. The same system as that with the actograph was used to automatically record the revolutions. The interruption of an infrared beam by the rotating arm generated an electrical signal that was recorded by the computer. The ßight mill device was positioned in a room under a photoperiod of 12:12 (L:D) h at 23 Ϯ 1ЊC.
Flight Mill Assay. Effects of mating status on mobility were examined using mated and unmated females 4-to 6-d-old. To obtain such insects, newly emerged moths were divided into two groups and reared in the same way as with the actograph assay. In one group, three virgin females and males were reared together in the plastic cage to obtain mated females. In the other group, six virgin females were reared in a cage with no males to obtain unmated females. After 3Ð5 nights, females 4-to 6-d-old in each group were forced to suck 3% honey solution for 15 s and then were placed in the ßight mill device for 24 h. After measurement, female moths in the mated group were dissected and their mating status was judged by the presence or absence of spermatophore(s) in the bursa copulatorix. Twenty-four mated and unmated females of each age were used for the ßight mill assay and the total ßight duration and ßight range were measured.
Data Analysis. Comparison between mating status was analyzed by the two-tailed MannÐWhitney U test. Comparison between ages was analyzed using the SteelÐDwass test. The computer software KyPlot 5.0 (KyensLab Inc., Tokyo, Japan) was used for these statistical analyses. Fig. 1 . At 4-d-old, interruption numbers of mated and unmated females were 547.4 Ϯ 120.2 and 152.7 Ϯ 28.2 (mean Ϯ SE). At 5-d-old, interruption numbers of mated and unmated females were 549.7 Ϯ 139.9 and 161.7 Ϯ 39.3 (mean Ϯ SE). At 6-d-old, interruption numbers of mated and unmated females were 501.9 Ϯ 120.3 and 181.8 Ϯ 51.9 (mean Ϯ SE). From these interruption numbers, it was revealed that mated females moved 2.8 Ð3.6 times more actively than unmated females (4-d-old: 547.4 vs. 152.7; 5-dold: 549.7 vs. 161.7; 6-d-old: 501.9 vs. 181.8). The maximum interruption number of mated and unmated females reached 2640 and 927, respectively. Of the unmated females, there were unmoving individuals whose interruption numbers were zero. Proportions of these individuals were 4.2% (4-d-old), 8.3% (5-dold), and 12.5% (6-d-old). Of the mated females, unmoving individual was not observed. At 4-to 6-d-old, mated females were signiÞcantly more active than unmated females (4-d-old: P ϭ 0.0168; 5-d-old: P ϭ 0.0078; 6-d-old: P ϭ 0.0221). However, we found no signiÞcant difference in the activity of mated females between each age (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͼ 0.05; 5-and 6-d-old: P Ͼ 0.05). In addition, there is no signiÞcant difference in the activity of unmated females between each age (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͼ 0.05; 5-and 6-d-old: P Ͼ 0.05). After measurement, the mean number of eggs laid by mated females was signiÞcantly more than that of unmated females (4-d-old: P Ͻ 0.001; 5-d-old: P Ͻ 0.001; 6-d-old: P Ͻ 0.001) ( Table 1) .
Mobility Measured by Flight Mill. Flight duration of mated and unmated female A. nigrisigna is shown in Fig. 2 . At 4-d-old, ßight durations of mated and unmated females were 222.5 Ϯ 12.2 and 245.0 Ϯ 11.9 (min, mean Ϯ SE). At 5-d-old, ßight durations of mated and unmated females were 195.0 Ϯ 13.1 and 220.0 Ϯ 13.8 (min, mean Ϯ SE). At 6-d-old, ßight durations of mated and unmated females were 175.0 Ϯ 10.2 and 195.0 Ϯ 11.6 (min, mean Ϯ SE). The maximum ßight duration of mated and unmated females reached 300 and 360 min, respectively. At 4-to 6-d-old, no signiÞcance difference was found in the ßight duration between mated and unmated females (4-d-old: P Ͼ 0.05; 5-d-old: P Ͼ 0.05; 6-d-old: P Ͼ 0.05). A signiÞcant difference in ßight duration was found between 4-and 6-d-old mated females (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͻ 0.05; 5-and 6-d-old: P Ͼ 0.05). A signiÞcant difference was also found between 4-and 6-d old unmated females (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͻ 0.05; 5-and 6-d-old: P Ͼ 0.05). Flight range of mated and unmated female A. nigrisigna is shown in Fig. 3 . At 4-d-old, ßight ranges of mated and unmated females were 4.1 Ϯ 0.2 and 4.5 Ϯ 0.3 (km, mean Ϯ SE). At 5-d-old, ßight ranges of mated and unmated females were 3.7 Ϯ 0.1 and 4.1 Ϯ 0.3 (km, mean Ϯ SE). At 6-d-old, ßight ranges of mated and unmated females were 3.0 Ϯ 0.2 and 3.4 Ϯ 0.1 (km, mean Ϯ SE). The maximum ßight range of mated and unmated females reached 6.3 and 6.5 km. The ßight range of females 4-to 6-d-old did not differ between mated and unmated individuals (4-d-old: P Ͼ 0.05; 5-d-old: P Ͼ 0.05; 6-d-old: P Ͼ 0.05). We found no signiÞcant difference in the ßight range of unmated Fig. 1 . Effect of mating status on the ßight activity of females 4-to 6-d-old measured by actograph. The numbers show the total counts of sensor interruptions by females per day. Vertical bars indicate SE. Different uppercase letters denote signiÞcant difference between mated and unmated females by MannÐWhitney U test (P Ͻ 0.05). Different lowercase letters denote signiÞcant difference between age groups by SteelÐDwass test (P Ͻ 0.05). Twenty-four individuals of each mating status and age were tested. Fig. 2 . Effect of mating status on the ßight duration of females 4-to 6-d-old measured by ßight mill. The numbers show the ßight times by females per day. Vertical bars indicate SE. Different uppercase letters denote signiÞcant difference between mated and unmated females by MannÐ Whitney U test (P Ͻ 0.05). Different lowercase letters denote signiÞcant difference between age groups by SteelÐDwass test (P Ͻ 0.05). Twenty-four individuals of each mating status and age were tested. females between each age (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͼ 0.05; 5-and 6-d-old: P Ͼ 0.05). In contrast, 6-d-old mated females showed a signiÞcantly lower range compared with 4-and 5-d-old mated females (4-and 5-d-old: P Ͼ 0.05; 4-and 6-d-old: P Ͻ 0.05; 5-and 6-d-old: P Ͻ 0.05).
Discussion
In this study, we used the actograph and the ßight mill as means to evaluate the ßight ability of A. nigrisigna females. As reported by Ferguson et al. (1994) , the actograph provides an advantageous measurement method for moth activity because it does not require contact with the insect body, whereas in the ßight mill, the insect body must be tethered. It is presumed that the ßight ability measured by ßight mill would be inßuenced by the body angle of the attached insect, wind resistance and inertia of the mill rotor, friction of the axis, and the vector force component for conversion from linear to rotational ßight (Tsunoda and Moriya 2008) . Some of these factors may underestimate the actual ßight ability. However, the ßight mill is a useful tool for roughly estimating the ßight distance of insects for which the mark-and-recapture method cannot be applied. Therefore, we concluded that the best way to assess the ßight ability of moths was through holistic estimation using the actograph and ßight mill concurrently, as each method compensates for the otherÕs weak points.
In our actograph experiments, mated females 4-to 6-d-old were signiÞcantly more active than unmated females of the same age. According to the mean number of sensor interruptions for each age, the activity of mated females were 2.8 Ð3.6 times higher than unmated females. The same tendency was detected by Bloem et al. (2006) , who reported that mated females of Cydia pomonella (L.) were signiÞcantly more mobile than virgin females. In addition, a signiÞcantly higher number of eggs were laid by mated females compared with unmated females inside the plastic container used for the actograph. The activity of mated females might be because of this oviposition behavior. Saito (2000) also mentioned the relationship between ßight activity and oviposition behavior in his research on Helicoverpa armigera (Hü bner), and indicated that the percentage of frequent ßyers among the copulated females did not decrease and frequent ßyer status was achieved based on the honey-sucking or ovipositing movement.
Although we suggested that the activity of mated females was the result of their oviposition behavior, we could not Þnd a clear separation between mating status and ßight duration or range in the ßight mill experiments. In our study, the mating status of females did not affect their mobility. This Þnding conforms with that of other studies such as Ishiguri and Shirai (2004) and Shirai (2006) . Among the previously studied migratory lepidopterous insects, none of the species showed a clear temporal discrimination or negative correlation between reproductive and ßight traits (Gatehouse and Zhang 1995) . A. nigrisigna appears to be included this theory.
Confuser V, a mating disruption dispenser for vegetables, can prevent 70% of the mating activity of A. nigrisigna (A. H. et al., unpublished data) . The remaining 30% of the females will complete the mating activity and produce offspring. To control A. nigrisigna, shutting out unmated females from pheromone-treated areas and reducing the mating rate to under 30% are one of the most important tasks. From our actpgraph and ßight mill experiments, we suggested that females maintain physical energy after mating at the same level as before mating and then mated females locomote move actively for oviposition. Although the guideline description for Confuser V recommends that its treatment should be applied to Ͼ10 ha of vegetable Þelds, our current study revealed that unmated females 4-to 6-d-old have the physical strength to ßy as much as 2Ð 4 km in a day. In this respect, reexamination of the treatment Þeld size will be necessary. And more, females after mating can ßy a maximum of 6.3 km in a day and actively locomote around the host plants for oviposition. It is highly likely that mated females make inroads into the Confuser V treated area and oviposit to the vegetables. An effective preventive measure might be the placement of trap plants around the Confuser V treated area. We need to verify the effectiveness of trap plants with combination of Confuser V. Fig. 3 . Effect of mating status on the ßight range of females 4-to 6-d-old measured by ßight mill. The numbers show the ßight distance by females per day. Vertical bars indicate SE. Different uppercase letters denote signiÞcant difference between mated and unmated females by MannÐ Whitney U test (P Ͻ 0.05). Different lowercase letters denote signiÞcant difference between age groups by SteelÐDwass test (P Ͻ 0.05). Twenty-four individuals of each mating status and age were tested.
